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Temperature and Voltage Dependence of Lipid Membrane Capacitance
and the Corresponding Capacitive Currents
Thomas Heimburg.
University of Copenhagen, Copenhagen, Denmark.
Lipid bilayers and monolayers display a voltage dependent chain-melting tran-
sition behavior. Such melting transitions also exist in biomembranes close to
physiological temperature, and therefore voltage induced transitions may be
of biological relevance. Since changes in lipid state involve changes in mem-
brane thickness, one obtains the possibility of a voltage-induced change in ca-
pacitance. This phenomenon leads to a capacitance maximum in the melting
transition of membranes similar to heat capacity maxima. It further implies,
that the often made assumption of constant capacitance in biomembranes (as
made in most electrophysiological models) is incorrect close to transitions.
As a striking consequence, this finding leads to the possibility of capacitive cur-
rents against the applied field with a time-scale of several milliseconds or more,
which is the relaxation time of the lipid state after a perturbation by voltage.
Simultaneously, the accompanying membrane permeability changes resulting
in an ion current along the applied field.Platform: Micro & Nanotechnology: Nanopores I
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Parallel Acquisition of High Resolution Polymer Mass-Spectra on a
Nanopore Microbilayer Array
Gerhard Baaken1, Norbert Ankri2, Anne-Katrin Schuler1, Ju¨rgen Ru¨he1,
Jan C. Behrends1.
1University of Freiburg, Freiburg, Germany, 2Universite´ de la Mediterane´e,
Marseille, France.
A more widespread use of protein nanopores with their many attractive appli-
cations in chemical and biological analytics will depend on the availability of
bilayer recording methods that enable rapid collection of large amounts of data
and can be easily automated. Nanopore-based single-molecule analysis typi-
cally require require low noise and high frequency bandwidth recordings so
that low-capacitance microbilayers on smaller-than-standard (e.g. < 100 mm)
bilayers are required.
We have formed lipid bilayers of <20 mm diameter containing single alpha-
hemolysin (aHL) pores on arrays of sub-picoliter cavities containing individual
microelectrodes (microelectrode cavity array, MECA) and ion conductance-
based single molecule mass spectra of polydisperse mixtures of poly(ethylene
glycol) molecules were simultaneously obtained from multiple single aHL-
recordings. We thereby demonstrate the function of the MECA device as
a chip-based platform for array-format nanopore recordings with a resolution
at least equal to that of established single microbilayer supports. We conclude
that devices based on
MECAs may enable
more widespread ana-
lytical use of nano-
pores by providing
the high throughput
and ease of operation
of a high-density array
format while main-
taining or exceeding
the precision of state-
of-the-art microbi-
layer recordings.140-Plat
Layer-By-Layer Assembly of Cellular Structures
Sandro Matosevic, Brian M. Paegel.
The Scripps Research Institute, Jupiter, FL, USA.
Reconstituted systems have played an integral part in understanding biological
structure and function in, for example, complex biosynthetic and signal trans-
duction pathways. The road to similar model systems that recapitulate complex
membrane-based functions, such as division or endocytosis, has been much
more difficult due to the lack of synthetic routes to well-defined membrane
bilayers. We have developed layer-by-layer membrane assembly, which en-
ables the construction of arbitrarily complex - and thus far synthetically inac-
cessible - membranous structures, from asymmetric phospholipid bilayers to
the double bilayers of mitochondria and the nuclear envelope. Starting with
trapped lipid-stabilized water-in-oil droplets, a new lipid monolayer is depos-
ited on the droplet, completing a bilayer templated on the starting droplet
when a water/oil interface is driven over the droplet. Individual phospholipidmonolayers are sequentially deposited each time a phase boundary passes
over a trapped droplet, enabling the controlled construction of multi-lamellar
membranes. Membrane compositional asymmetry was demonstrated by selec-
tively depositing dye-labeled dioleoylphosphoethanolamine in either the inner
or the outer leaflet of the bilayer followed by probing with a reductive
quencher. Double bilayer membranes were also assembled to demonstrate con-
trol over membrane lamellarity. Dye-labeled phospholipids were selectively
deposited in a single monolayer or simultaneously in multiple of the four con-
stitutent monolayers and again probed with reductive quencher to confirm their
location within the multi-lamellar membranes. The product vesicles can serve
as both compartments and scaffolds for sophisticated cell-like metabolic
activity (e.g. RNA transcription, protein expression, integral membrane protein
insertion and membrane protein-mediated transport). These biomimetic
vesicles of defined size form the core of an extensible and systematic platform
for probing interactions between membrane proteins, lipid bilayers and chem-
ical control of bilayer structure and remodeling events.
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Formation of Biomimetic Membrane Rafts on Bare and Modified Gold
Joaquim M.T. Marqueˆs, Ana S. Viana, Rodrigo F.M. de Almeida.
Centro de Quı´mica e Bioquı´mica, Faculdade de Cieˆncias da Universidade de
Lisboa, Lisboa, Portugal.
Lipid domains are essential functional entities of biological membranes, there-
fore lipid bilayers containing liquid disordered/liquid ordered (lipid rafts) phase
coexistence are improved biomimetic systems. Moreover, supported lipid bila-
yers (SLB) of such ternary lipid mixtures formed on gold are promising inter-
faces for biosensing purposes. However, gold’s hydrophobic nature has been an
obstacle for direct deposition, and most studies rely on previous modification of
its surface. In addition, the formation and properties of lipid domains in these
systems only raised attention very recently. In this work, ternary lipid mixtures
(e.g. DOPC/DPPC/Cholesterol (2:2:1 molar ratio)) were deposited on gold,
either bare or modified with hydrophilic self-assembled monolayers (SAMs)
of 11-mercaptoundecanoic-acid (MUA) and cystein, which display distinct
packing density and organization. Atomic force microscopy was used to study
the topography of the lipid films at the nanoscale, allowing the first reported
observation of well-organized raft-containing SLB on unmodified gold. This
was achieved under optimized conditions, as changing slightly buffer compo-
sition may lead e.g. to the formation of tubular structures. Coverage and con-
tinuity of SLB were addressed by ellipsometry and cyclic voltammetry,
taking advantage of gold optical/electrical properties. The cyclic voltammo-
grams of ferricyanide redox process suggest the presence of continuous bilayers
with small pores. The bilayer thicknesses, 4-5nm, estimated by ellipsometry
were further confirmed by force spectroscopy. The raft-containing bilayer is
stable over a wide range of potential sweep, enabling the development of
new lipid raft-based biosensing interfaces. Planar and continuous SLB could
be also prepared onto gold modified electrodes. In the case of a short cystein
SAM, pronounced decrease of the redox process intensity was observed after
lipid deposition revealing a high coverage of the modified gold surface.
Acknowledgements: SFRH/BD/64442/2009, PTDC/QUI/66612/2006, PEst-
OE/QUI/UI0612/2011 and Cieˆncia2007 (FCT Portugal).
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Separating and Sorting Membrane Species using a Supported Bilayer
Extractor Composed of Patterned Lipid Phases
Mark J. Richards, Ling Chao, Susan Daniel.
Cornell University, Ithaca, NY, USA.
The role of lipid rafts is important in understanding cell processes and disease
states; however, identifying the key components of these lipid domains is
difficult and impedes research progress. Here we present a new platform to sep-
arate, sort, and characterize membrane-bound molecules based on their affinity
for raft phase domains using a heterogeneous supported lipid bilayer (SLB)
consisting of patterned lipid raft and non-raft domains. Adjacent SLBs con-
sisting of liquid-ordered and liquid-disordered phases are formed inside a
microfluidic channel and maintain phase separation. Membrane-bound biomol-
ecules loaded into the device are convected laterally in the two-dimensional
plane along the heterogeneous supported bilayer by a shear force induced
from hydrodynamic flow of the bulk aqueous phase. During axial convection,
the membrane-bound biomolecules diffuse across the microchannel within the
2-D heterogeneous bilayer plane, partitioning into their preferred lipid phase.
Patterns for the lipid phases are designed to facilitate the sorting and collection
of separated species. The main advantages of this new method over existing
methods used to identify and assay raft species include separating membrane
species within a membrane environment, near physiological conditions, and
without artifacts associated with detergent, high salt, or alkaline pH. These cri-
teria are particularly crucial to the separation of lipid-linked proteins and
Sunday, February 26, 2012 29atransmembrane proteins to avoid denaturation. This new capability to separate
membrane-bound species near native conditions based on affinity for certain
lipid phases can be used to identify intrinsic membrane raft residents and to
characterize how post-translational modifications shift the affinity of analogs
to a particular lipid phase.
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Multiplexed Microfluidic Device for Bilayer Experimentation and Drug
Screening Assays on Membrane Proteins
Verena Stimberg, Albert van den Berg, Se´verine Le Gac.
University of Twente, Enschede, Netherlands.
Membrane proteins represent >50% of the targets for the development of new
drugs. However, to date no appropriate platform is available for high through-
put drug screening assays on these proteins. In that context, we developed
a 1-plex microfluidic device for experimentation on BLMs (bilayer lipid mem-
brane) and membrane proteins.1 Furthermore, we have proposed a novel meth-
odology to prepare membranes in a closed environment, the ‘‘lipid-plug
thinning’’ technique, and we have validated our device for the detection of sin-
gle pore-forming species.
Here, we report the multiplexing of the platform for parallel experimentation on
a series of independent BLMs. The same 3-layer glass-Teflon-glass structure is
employed, where the glass substrates house microchannels and the Teflon layer
microfabricated apertures (15-40 mm Ø) for BLM formation. Two potential de-
signs are investigated. In the first design, a series of independent 1-plex devices
is placed in parallel. The second design resembles the structure of a fishbone,
with one common channel in one glass substrate and a series of independent
channels in the second glass substrate to reduce the number of reservoirs. Bi-
layers are formed in the multiplexed devices with a slightly modified approach
where the lipid solution is introduced in one channel only, while buffer is pres-
ent in the other one. Bilayer formation is successful (~75% yield) for both de-
signs, and BLMs exhibit good properties in terms of seal resistance (>10 GU),
and capacitance (1.35-5.01 pF for 30-mm apertures).
We are currently comparing the two designs for both automation of the mem-
brane formation and simultaneous electrical measurements on independent
BLMs. Thereafter, we will conduct experiments on pore-forming species and
membrane properties using the in-house developed gramicidin-based assay.2
1. Stimberg et al., Proceedings MicroTAS 2010 & 2011.
2. Stimberg et al., Small, submitted.
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Patterned Substrates for the Study of Axonal Differentiation and Neuronal
Response to Smooth Microtopography
DawnM. Johnson, Jad P. Abi-Mansour, Skylar Spangler, Joshua A. Maurer.
Washington University, St. Louis, MO, USA.
The development of two and three-dimensional patterned substrates provides
new ways to study neuronal behavior. The creation of two-dimensional (2D)
patterned surfaces through the use of photolithography, microcontact printing,
and self-assembled monolayer (SAM) chemistry allows for the study of axonal
differentiation. Through the use of these methods, we have created starburst
patterns to which E18 mouse hippocampal neurons are confined. Utilizing
immunohistochemistry to specifically stain for the tau protein, predominantly
localized along microtubules in the axon, we have found that neurite differen-
tiation is not a predetermined process; rather, it is environmentally determined.
The compilation of statistical data has shown that a mere 20mm difference in
the distance a neurite is allowed to grow will determine polarization.
Grayscale photolithography and solvent-assisted molding (SAMo) allow us to
create smooth microtopography that mimics the microtopography encountered
in vivo. We have fabricated continuous three-dimensional (3D) wave patterns,
varying height as well as the peak-to-peak distance, to the study of neuronal
behavior in response to smooth variations in microenvironment. This will
provide insights into the limitations a neuron may experience during pathfind-
ing in vivo.
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Red Blood Cell Sickling During Oxygen Cycles in a Microdroplet Device
Paul Abbyad1, Remi Dangla2, Pierre-Louis Tharaux3, Charles Baroud2,
Antigoni Alexandrou1.
1Lab for Optics and Biosciences, Ecole Polytechnique, Palaiseau, France,
2Hydrodynamics Lab., Ecole Polytechnique, Palaiseau, France,
3Paris-Cardiovascular Research Centre, Paris, France.
We have developed a novel microfluidic device to study repetitive sickling on
individual red blood cells by replicating the physiological oxygen cycling of
the vascular circulatory system (Abbyad et al., Lab Chip, 2011, 11, 813). A
small number of red blood cells from sickle cell patients are encapsulated inan array of aqueous microdroplets. These microdroplets are anchored and
arranged in a 2-dimensional array against the flow of the carrier oil. Precise
spatial and temporal changes in oxygen concentration are obtained through
gas exchange with the inert oil flowing outside the droplets. By oscillating
the oxygen concentration, cycles of sickling and desickling of individual red
blood cells are observed in real-time. Polarization microscopy allows for the
sensitive detection of intracellular hemoglobin fibers. We observed small resid-
ual intracellular hemoglobin fibers that remain even in oxygenated conditions.
Since the content of droplets in the array can be controlled, active molecules at
different concentrations as well as control droplets can be measured side-by-
side as they are exposed to the same environmental conditions. This was
used to measure cell sickling in the presence and the absence of the anti-
sickling agent glyceraldehyde. The cumulative impact of repeated sickling,
such as membrane damage and cell dehydration, is believed to be central to dis-
ease pathology. We are now studying phosphatidylserine outer leaflet external-
ization and cell dehydration as a function of deoxygenation cycle.
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BodyMechanics Regulate the Force Threshold for Gentle Touch Sensation
in the Nematode C. Elegans
Bryan C. Petzold1, Sung-Jin Park1, Miriam B. Goodman2, Beth L. Pruitt1.
1Department of Mechanical Engineering, Stanford University, Stanford, CA,
USA, 2Department of Molecular & Cellular Physiology, Stanford University,
Stanford, CA, USA.
Touch is among the least understood of our senses despite its importance in our
daily lives. In the model organism C. elegans, gentle touch is detected by six
touch receptor neurons situated in the outer shell of the animal. Force applied
to the body is filtered by the outer shell (cuticle, hypodermis and body wall
muscles) of the body, locally straining nearby touch receptor neuron(s) and
opening mechanically-gated DEG/ENaC channels through an unknown mech-
anism. Previously we developed a piezoresistive cantilever force clamp system
capable of applying calibrated loads to moving C. elegans [S.J. Park et al., Rev
Sci Instr (2011), 82:043703] and showed that wild-type (N2) animals respond
to forces of only 100s of nN. Further, we showed that the outer shell of the
animal dominates overall body stiffness [S.J. Park et al., PNAS (2007),
104:17376]. Since the touch receptor neurons lie within the outer shell and
the outer shell controls the overall mechanics of the body, we hypothesized
that the force threshold for gentle touch avoidance is regulated by body stiff-
ness. Building on our prior work showing that body stiffness can be reversibly
modulated with optogenetically-induced changes in body wall muscle tone
[B.C. Petzold et al., Biophys J (2011), 100:1977], we measured the force
threshold for behavioral response while modulating body stiffness with
Channelrhodopsin-2. In animals with hypercontracted muscles and elevated
body stiffness, we found that larger forces were generally required to elicit
a touch avoidance response. These findings suggest that body mechanics
play an important role in filtering applied loads to the touch receptor neurons,
ultimately modulating the force sensitivity of the animal, and imply that skin
plays a critical role in touch sensation in both C. elegans and higher organisms.Symposium: Temperature Regulation
of Channels
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Regulation of the Cold Sensor TRPM8 Channels
Tibor Rohacs.
UMDNJ - New Jersey Medical School, Newark, NJ, USA.
Transient Receptor Potential Melastatin 8 (TRPM8), channels are well estab-
lished sensors of environmental cold temperatures. They can also activated
by chemical agonist, such as menthol and icilin. Activation of these channels
requires the presence of the membrane phospholipid phosphatidylinositol
4,5-bisphosphate [PtdIns(4,5)P2]. This presentation will discuss the role this
lipid plays in the regulation of TRPM8 channels upon cold and menthol
activation.
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Modular Thermal Sensors in Temperature-Gated TRP Channels
Feng Qin.
Physiology and Biophysics, SUNY-Buffalo, Buffalo, NY, USA.
A group of ion channels in the TRP family, the so-called thermal TRP channels,
exhibit unprecedentedly strong temperature dependence, some of which reach
Q10> 100 as compared to 2-3 for typical enzymatic reactions. The strong ther-
mal sensitivity of these channels arises because their gating involves large
